A 5-year-old girl presented with a 2-week history of progressively worsening lower extremity pain, greater on the right, with an inability to bear weight. She was clinically tender over the distal tibia and fibula bilaterally. Initial laboratory test results demonstrated a slightly decreased platelet count but was otherwise unremarkable. Further blood work showed nonspecific inflammatory markers of erythrocyte sedimentation rate (81 mm/h; reference range, 0e20 mm/h) and hypersensitive C-reactive protein (CRP) (256 mg/L; reference range, 0.9 mg/L) were also increased. Diagnostic workup included pelvic radiograph (Figure 1 ), 99m Tc bone scan (Figure 2) , and magnetic resonance imaging (MRI) ( Figure 3 ) within 4 days of presentation to our hospital.
Diagnosis
Precursor B-cell acute lymphoblastic leukaemia.
Radiologic Findings
Radiographs were obtained of the pelvis; the only abnormality was a subtle area of osteolysis in the right femur distal to the femoral neck ( Figure 1 ). 99m Tc methyl diphosphonate (MDP) bone scintigraphy was performed and demonstrated an apparent increased uptake in the right sacroiliac joint, right ischium, and left acetabulum, with areas of photopenia in the right femur and the left iliac bone ( Figure 2 ). MRI under general anaesthetic was requested to evaluate the lower limbs, but the MRI was quickly expanded to include a whole-body scan. MRI revealed a nonuniform widespread marrow replacing process throughout the appendicular skeleton and the pelvic bones. The spine and skull marrow was unaffected. This marrow replacement was T1-weighted hypointense and very subtle in the femur ( Figure 3A ) because of the background low signal from red marrow in the more proximal skeleton. T2 and short tau inversion recovery (STIR) weighted MRI showed the marrow change to be hyperintense, with nonuniform involvement of the bone marrow of the appendicular skeleton and pelvis ( Figure 3B and C). Further, these sequences demonstrated hyperintense areas where pathology extended into the soft tissues adjacent to the right femur and left iliac bone ( Figure 3B ). The soft tissues adjacent to the fibulae and left elbow were also affected. The adrenals appeared normal, and there was no adenopathy.
The differential diagnosis that corresponded with the image findings of diffuse bone marrow replacement with soft-tissue extension in a patient of this age would include the following: metastatic neuroblastoma, Langerhans cell histiocytosis, leukaemia, lymphoma, Ewing sarcoma, osteomyelitis, and red marrow hypertrophy either from severe anaemia or disorders that affect hematopoiesis.
Pathologic Findings
Initial blood work showed a slightly decreased platelet count. Blood smear revealed mild neutrophilia with left shift and mild reactive leukocytosis but no features to suggest acute leukaemia. Before starting chemotherapy, 1 week after presentation, her platelets had normalized, but there was a slight drop in red blood cells and hemoglobin. Bone marrow aspirate was performed on the same day of the MRI. Unfortunately, blasts were unable to be isolated via flow cytometry, and a repeated biopsy was required. Immunohistochemistry stains did confirm the diagnosis of precursor B-cell acute lymphoblastic leukaemia (ALL) with positivity for terminal deoxynucleotidyl transferase (TdT); Pax-5; CD10, 20, and 79a. The patient was stratified in the ''average risk group'' and started chemotherapy 3 days after her MRI. More than 1 year later, she remained on maintenance chemotherapy and was doing well, with no signs or symptoms referable to her primary disease.
Discussion
ALL is a bloodborne malignancy that involves progenitor cells of lymphoid lineage. It affects both children and adults, with approximately 4000 cases diagnosed annually in the United States [1] . Two-thirds of those affected are children [1] . The disease has a peak age of onset between 2 and 5 years of age and shows an increased prevalence in industrialized societies [2] . The precise pathogenesis of ALL is unknown; however, hypotheses postulate that acquired preleukaemic clone cells are inherited and a second postnatal event causes a leukaemic transformation [2] . Until the 1950s, childhood acute leukaemia was a near uniformly fatal disease. Since then, the development of antileukaemic drugs has led to improved survival rates. Today, overall cure rates are approximately 80% for childhood leukaemia [1] .
The clinical presentation of ALL includes anaemia, thrombocytopenia, and neutropenia because of disruption of normal bone marrow function. Secondary signs occur when there is involvement of other organ systems, including lymphadenopathy, splenomegaly, and hepatomegaly [3] . Typically, 61% of cases will present with fever, 42% with lymphadenopathy, and 23% with bone pain [3] . As in this case, bone pain is usually associated with near normal blood counts, which can cause diagnostic delay [3, 4] .
Although definitive diagnosis of ALL requires bone marrow biopsy, radiologic imaging can play a very important role in the diagnostic workup. Sinigaglia et al [5] found the number of ALL cases with radiographic lesions to be 40.2% of 122 children with acute leukaemia. Of those with positive radiologic findings, the two most common occurring lesions are osteolytic lesions caused by leukaemic infiltration, Figure 1 . Anteroposterior (AP) pelvic radiograph, demonstrating an osteolytic (grey arrows) lesion of the right femur distal to the femoral neck. Figure 2 . 99m Tc bone scintigraphy at the level of the pelvis, demonstrating subtle photopenic areas in the right femur and left iliac bones (grey arrows). The photopenic right femoral lesion correlates well with the radiographic and magnetic resonance imaging findings. Note that the areas of increased uptake of right sacroiliac joint, right ischium, and left acetabulum did not correspond to any magnetic resonance imaging or radiograph findings. hemorrhage, and regional osteonecrosis, followed by radiolucent metaphyseal bands because of interference with osteogenesis at the epiphyseal growth plates [5] . Other abnormalities also encountered include osteopenia, osteosclerosis, periosteal reactions, and, less commonly, pathologic vertebral compression fractures [5, 6] . To our knowledge, there are no systematic studies regarding the incidence of skeletal lesions visible on MRI in leukaemia. Although musculoskeletal complaints and radiologic findings are commonly found in childhood ALL, there is a poor correlation between them [5] . Furthermore, there is only a limited number of reports in the literature of ALL presenting with extramedullary involvement at first presentation [7] . Extramedullary involvement, however, is often reported in cases of acute myeloid leukemia and relapsed ALL [8e10].
In patients who present with fever and bone pain, bone scintigraphy may be useful in the diagnostic workup, because it can help rule out metabolic or infectious causes for the symptoms [6] . Although nonspecific, bone scintigraphy may also provide the first indication leukaemia is present [6] . Bone scintigraphic abnormalities may be present in up to 75% of patients with ALL and is from bone infiltration that leads to tumour-induced osteoblastic activity, which corresponds to increased uptake of radiotracer [6, 11] . The metaphyseal regions of the lower limbs are most commonly affected [6] . Scintigraphic evidence of diffuse skeletal involvement can also be seen during a blast crisis [6] . Furthermore, areas of focal infiltration with no surrounding osteoblastic activity can create areas of photopenia, as seen in this case [6] .
MRI is an ideal noninvasive method of imaging in the workup of patients with ALL. Screening, staging of disease, biopsy planning, and treatment monitoring are all appropriate indications for MRI [12] . Marrow screening in children with suspected ALL is important and may help to eliminate unnecessary biopsies [13] .
The conversion from hematopoietic (red) marrow to fatty (yellow) marrow is a dynamic process that begins at birth. On T1-weighted MRI sequences, red marrow is hypointense and yellow marrow is slightly hyperintense [14, 15] . In the newborn, bone marrow is almost entirely red marrow and is rapidly converted to yellow marrow, beginning in the distal appendicular skeleton and extending centrally to the axial skeleton [14] . The conversion in the long bones begins in the diaphyses between the ages of 1 to 5 years of age, seen as a homogeneous hyperintensity on T1-weighted images and hypointensity on T2-weighted images, and the process is completed with conversion in the metaphyses occurring by 11e15 years of age [14, 15] . An understanding of the timing of this dynamic process is essential for detecting bone marrow abnormalities in children.
Bone marrow involvement by leukaemic cells modifies the balance between fat and other cellular marrow components, which results in the changes seen on MRI [12] . Three recognizable patterns of bone marrow involvement are found in children with leukaemia: diffuse uniform, diffuse nonuniform, and patchy [16] . With respect to children with ALL, the T1 relaxation times are significantly longer, which correspond to T1 hypointensity and T2 hyperintensity when compared with aged-matched controls [8, 15] . In this case, diffuse nonuniform bone marrow involvement of the appendicular skeleton and pelvis is seen, and the rest of the axial skeleton was not involved.
Currently, the use of fast spin-echo (SE) STIR MRI in children is popular because most pathologic tissue results in high signal intensity from prolonged T1 relaxation times and T2 decay times [11] . It has the added advantage of speed, being able to image the entire body in a short amount of time, with no ionizing radiation, which makes it very advantageous for screening in children [11] . Unfortunately, the patterns of bone marrow involvement seen on MRI are (Figure 1) , and the photopenic area on bone scintigraphy (Figure 2 ). Coronal STIR image (TE ¼ 74 ms, TR ¼ 5620 ms) of the thorax (C), demonstrating involvement of both humeri and lack of involvement of the spine. The adrenal glands appear normal, and there is no adenopathy. nonspecific and can also be seen with inflammatory or metabolic disorders, infection, trauma, and necrosis [12] . Thus, both standard MRI and Fast SE STIR findings must always be correlated with the clinical situation [11, 12] .
In summary, our case illustrates both the main imaging features of acute lymphoblastic leukaemia in children and a rare finding of soft-tissue extension at presentation. Furthermore, it highlights the importance of MRI, specifically STIR sequences, in bone marrow assessment. MRI has an advantage over other imaging modalities in its ability to definitively demonstrate soft-tissue involvement as is demonstrated in our case. During this case, MRI was used to scan the entire body for bone marrow involvement of leukaemia. MRI also helped narrow the differential diagnosis by demonstrating the lack of adenopathy and normal adrenal glands. Finally, MRI was used to help guide the clinicians to the ideal biopsy site of the left iliac crest to maximize the yield for tissue biopsy, which ensured a timely and accurate diagnosis.
To conclude, the diagnostic workup for a child with suspected ALL is difficult. All imaging modalities can be used, but it is MRI that is the most useful. Fast STIR sequences aid in imaging children quickly and can show true involvement of bone marrow with or without soft-tissue extension. This soft-tissue extension is not often seen in the initial presentation of ALL but should be recalled when reviewing potential cases.
